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Rbstract 

R diAulatlon id dedcribed In tensid of its three najor design 
aspects: the scenorioj the underlying lodelj and the instructional 
oucrlay. Ine najor focus of this paper is on the instructional 
oueriay vhich serves to optinize learning and loti nation. The 
functions of siwulations and the features that should be used to 
Qchleue these functions are described. Prescriptions for the design 
of coaputer-based sinulations are presented in the fori of a general 
nodel and variations on the general sodel. The general aodel offers 
prescriptions for the design of the introduct ion, acquisition, 
application, and assessR^ent stages of simulations and for dealing 
with the issue of control (system or learner). Uariations on the 
general model are based on tbo nature of the behavior (procedures, 
process principles, and causal principles), complexity of the 
content, form of learner participation, form of changes (physical or 
non-physical), and motivational requirements. 
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Ie33 likely to iftproue transfer to the real situation then designed 
Into a siiulation and »ay in fact create overload, ehich impedes 
learning and lotiuation. Ue suggest that four factors should be 
considered in all decisions about fidelity of the scenario and 
node I : 

• Overload - the degree to »hich superficial details or 
complexities of the real situation obscure the content to be 
learned. 

• Transfer - the ability to use »hat has been learned in the 
real situat ion{s) . 

• Rffect - the motivational appeal of the siiulation. 

• Cost - design, deveiopmentj and production cost of the 
simulat ion. 

Overload and cost generally argue against fidelity for 
superficial aspects of the real situat ion, whereas transfer and 
affect generally argue for it. Often the best design is one which 
begins with low fidelity and progresses by levels to high fidelity 
at the etid of the instruction. 

The remainder of this paper addresses the third aspect of 
siaulationsj the instructional overlay^ which Includes ':ll the 
instructional design features of a simulation and how they should be 
used to optimize Instruction. 

Instruct ional Ouer lay 

Despite the existence of a considerable number and variety of 
simulations, a literature review for the instructional overlay, has 
revealed that few general izable prescriptions have been offered to 
guide the design of instructional simulations, flost simulations 
have been produced using a "seat of the pants" approach. Some are 
quite good; many are nothing more than video-type games or drill- 
and-practlce exercises. Almost none provide a complete 
Instructional package. In our attempt to formulate an instructional 
model for the design of computer based simulat ions j we have 
addressed the following questions: 

• Uhat are the different kinds of simulations? 

• Uhen should each kind of simulation be used? 

• Uhat characteristics should each kind of simulation have to 
provide optimal instruction? 

Ue have conducted a survey of the literature and analyzed a variety 
of simulations to provide answers to these questions. 

The dynamic and interactive nature of computer-based 
simulations provides an ideal medium for teaching students content 
that involves changes. Such content includes what Herri N (1983) 
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refers to as principles and procedures and Gagne (1985) refers to as 
rules, a subcategory of his intellectual skills. Uhile siaulations 
fftay also be used to teach facts and concepts, the nature of this 
type of siaulation would be very different. Our theory has been 
developed only for siaulation^ that teach principles and procedures. 

in our analysis of sinulations and literature about 
siiulations, te have found that the the nature of the content or 
behavior being taught is the major influence on the features a 
simulation should have. For exaiople, mastery of lany procedures 
such as !ong division and writing a good paragraph, is gradually 
Qcquirec over time. But for aost principles, Bostery is an 
instantaneous^ all-or-nothing, flash of insight or understanding. 
Clearly, methods of instruction must be very different for each of 
thes*^ two kinds of learning, and the design of a simulation «ill 
need to be very different for each. In fact, me have identified 
three major types of simulations: those that teach procedures, those 
that teach process principles, and those that teach causal 
principles. 

Uhat uie have defined as procedurol siiu lot ions include both 
the physical and procedural categories described by filessi and 
Trollip (1985). Procedural simulations teach the learner to perform 
a sequence of steps and/or decisions, as in flying on airplane or 
adding fractions, fl process siiulotion teaches naturally 
occur ing phenomena composed of a specific sequence of events. 
Uniike procedures, processes are not purposively performed by 
people, but are naturally occuring, as is the action of a volcano or 
the process of photosynthesis. R causal siauiotion teaches the 
cause-effect relationship between two or more changes, for example, 
the law of supply and demand and the theory of natural selection. 

Possible Functions of Siaulat io.'is 

It is useful to think in terms of three phases in the learning 
process that should be activated by educational simulations, unless 
other media of instruction do so. The learner must first acquire a 
basic knowledge of the content or behavior. Then he or she must 
learn to apply this knowledge to the full range of relevant cases 
or situations. The final stage is an assessment, in some cases a 
self-assessment, of what the learner has learned. Therefore, the 
first set of instruct iona I strategies in a general model for 
simulations should be concerned with acquisition of the content, 
the second set with application of the content, and the third with 
assessment of lecrning. 



The first function, acquisitionj is to teach the content, 
ihlch in our case Is either principles or procedures. For 
principles the learner tust acquire a teanlngful understanding of 
the natural processes or cause-effect relationships. For procedures 
the learner nust acquire knooledge of vhat steps to folioi and hoi^ 
and when to do each step. 

After the learner has achieved acquisition, he or she lust 
then learn to apply this kr,Oiiledge, For both procedures and 
principles generalization is required. For example, the learner 
oust deuelop the ability to apply the steps of a procedure to the 
full range of inputs and conditions that lay exist. Hastening a 
procedure often requires autoaat izat ion as veil as generalization. 
The learner must develop the ability to perform the sequence of 
steps and/or decisions almost without thinking. This is generally 
achieved through repetitive practice, flpp Meat ion of causal 
principles requires utilization in addition to generalization, R 
performance routine that governs the application of the causal 
principle must be learned or invented by the learner. Utilization 
refers to the ability to use the appropriate perforiaance routine in 
order to apply the principle. 

The assessment function of the simulation determines if the 
learner has achieved mastery, Mastery is q specified criterion for 
the number of correcl responses and/or speed of response on a set of 
r^'vergent and difficult, previously unencountered, practice items. 

It is not always necessary for all three of these 
instructional functions to be served by a simulation, for any one or 
im of thee^ functions can be accomplished outside of the 
simulation. However, often no provision is made for a function to 
be accomplished if it is not specifically included in the 
simulation. Rnd there is usually no valid reason for not including 
all thr'ee within the simulation. 

Features of Siiulotions 

Based on instructional theory and an examination of many 
simulations, we have identified five simulation features that act as 
vehicles for achieving acquisition, application, and assessment. 
These include the generality, example, practice, feedback, and help. 
These basic features of simulations correspond to the presentation 
forms of Herri 11 's (1983) Component Display Theory and four of 
Gagne's (1985) events of instruction (present the stimulus, elicit a 
response, provide feedback and provide learner guidance). 
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The general ity is q statesient of the relationship aiong 
changes that characterizes a procedure or principle, it aay take 
the ^ori of a uerbal presentat ion^ for example, a statetent of the 
iao) of supply and demand^ or it nay be o uisuol represent at ion^ such 
as a set of graphs shoving the relationship betveen supply and price 
and betveen demand and price. 

Rn exaBp!o is a specific instance or case that shows the 
relationship omAg changes described in the generality, it »ay be 
presented as a deaonstrat ion vith no actiue learner participation 
or as an exploration in which the learner aanipulates the exanple 
to see mhat happens. The nature of this type of learner 
participation is different fro© that required for application of the 
general!. y in that the learner's behavior is not that specified by 
the objective. 

P' act ice provides the learner with the opportunity to apply a 
generality to diverges instances vith the required proficiency. 
Practice consists of two components: a stivulus situation presented 
by the simulation and a learner response that is consistent vith 
the instructional objectives. 

Feedback provides the learner vith confirmatory or corrective 
information regarding his or her responses. Rllessi and Trollip 
(1985) note that there are tvo forms of feedback^ natural and 
artificial. Natural feedback is a real-life consequence of a 
response; artificial feedback is a contrived consequence vhich 
would not occur in the real situation. In the "Flight Simulator'^ 
dials shoving altitude and fuel level are forms of natural feedback^ 
as veil as the viev through the cockpit vindov. 

Hatrral feedback may be sufficient for simple tasks but may 
not provide enough information for complex tasks that require a 
chain of responses before the natural consequences manifest 
themselves. In such cases artificial feedback may be used to 
provide the learner vith additional assistance and may be either 
informational or lotiuational in nature, fl statement in a 
flight simulation that tells the learner to check his fuel gauge is 
informational feedback because it provides additional information 
that vould not occur in the real situation. Phrases such aSj "Keep 
MP the good vork!" or "Try again, you can do it!" provide praise or 
encouragement to the learner and so are motivational types of 
artificial feedback. 

Help provides the learner vith direct ion and assistance 
during the presentation of the general ity, examples, practice and 
feedback. The difficulty of the content and the instructional 
approach (expository or discovery) vill determine vhat type and hov 
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iuch help ia needed. Ue haue distinguished three different types of 
help based on function. The first directs Gitention using 
flashing^ color^ boldj arrovs^ labelSj etc. to eiphasize iiportant 
aspects of the presentation. The second relatet^ the instance 
(exanple or practice case) to the generoiity by providing 
connentary. The third type facilitates encoding by providing a 
second represent at ion^ for example a diagraSj along vith a 
definition. This tends to increase the depth of processing and 
enhance understanding ano retention. 

Rnother feature of sisulations is the representation fortti 
the uiay in uihich oiaterial is displayed on the screen. Ue have 
adapted Bruner's (1960) classification to characterize four 
representation fornts: enact iue^ iconic^ visual symbol ic^ and verbal 
symbolic. The enact iue form uses a 3 dimensional unit along tuith 
the computer to provide the most realistic simulations, fln iconic 
form, the second most realistic, consists of video or graphic 
displays. Less realistic but very effective for simplifying 
difficult content, visual syabolic uses symbols or icons, and 
verbal symbolic is composed of letters and numerals. 

Rll four representation forms may be used to produce a dynamic 
presentation that requires leorner participation, but the degree of 
realism »iil differ depending on the nature of the content and the 
instructional objectives, fls was discussed above regarding the 
fidelity of the scenario, the simulation can often be most effective 
by simplifying to eliminate distracting and unimportant aspects of 
the real situation or by altering the speed of a process to reveal 
what is not normally evident. In other situations the closest 
approximation of reality may be desirable to enhance learning 
transfer. 

Figure 1 presents a summary of the available features that 
can be used to achieve the functions of simulations. During 
acquisition, if the learner is not required to figure out the 
generality, an expository approach is being used and the learner 
should be presented with the generality and a prototypical example. 
Rpplication with no performance of the criterion behavior is an 
exaiple. Uhen learner participation is utilized, the approach and 
features are different. In the case of acquisition, if an example 
is presented and the learner required to "figure out" the 
generality, a discovery approach is being used. Application that 
involves performance of the criterion behavior is proctice and 
should be accompanied by feidback. It is important to note that the 
two types of examples, observation and exploration, also differ 
based on learner participation or lack thereof. Unlike an example 
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that is purely obsenuat ional ^ an exploration type exaaple can be 
Bonipulated by the learner through the keyboard or soae other input 
deuice. The general instructional node I and uariations that follou^ 
prescribe the optiiBU» features and approach for each kind of 
siffiulat ion. 



Insert Figure 1 about here 



R General flodel for Siiulations 

The theori; ©e have constructed originates with the three 
phase** of learning described above. Ue have organizrd and adapted 
the features of simulations to provide the learner iith the nost 
effective and efficient presentations in order to achieve successful 
acquisition^ application and assessment. Our general itodel 
describes five aspects of sinulations and provides prescriptions for 
the ifliplementat ion of each. It applies to all simulations for 
teaching principles or procedures. Specific conditions or types of 
simulations require their own characteristic prescriptions that are 
described cz variations on the general model. 

Before proceeding with the "how to" of simulation design, some 
consideration should be given to the question of "when to" use 
simulations. Ue believe that simulations are an extremely efficient 
and effective form of instruction for content involving changes and 
therefore should be used to teach principles and procedures whenever 
the audience is large enough for computer-based simulations to be 
cost effective. 

Select the Appropriate Coiplexity 

The design of the instructional overlay for any simulation 
begins with selection of the appropriate complexity for the content 
or behavior that is to be learned. The real situation is usually 
quite complex, with many variables to consider for successful 
performance. To begin with so many variables in the underlying 
model will clearly impede learning and motivation. The best design 
is usually one which begins with only one or two variables in the 
model and progresses by levels to include oil important variables at 
the end of the instruction. This is a matter of "Instructional 
overlay" being superimposed on the model. 

• First determine the complexity of the most realistic 
underlying model you will use. 
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• If it is conpnised of only q fe« uariablesj select an 
int eqpQ I approach; that iS| do not break it donn into 
simpler leuels. 

• Otheroiise plan on simplifying the nodel using one of the 
approaches described under "(Variations on the Genera! FlodeT 
beiov. 

Introduct ion 

The siiRutation begins lith an introduction that describes the 
scenario^ identifies goals and object iueSi and presents directions 
and rules that uiill gouern the simulation. 

• Set the stage in the scenario presentation by describing 
the setting, the form of learner participation, and the 
major characters or objects. Describe how the simulation 
ipill proceed, what will happen, and under vhat 
circumstances. 

• Present the goals and objectives wheneuer possible as part 
of the scenario to provide a concrete example and to enhance 
meaningful understanding and motivational appeal. 

• Use directions and rules to describe ho« to use the 
program, including such things as key functions, use of 
learner control, and other options. Present directions as 
text with graphic or video support that requires minimal 
dependence on documentation. Present rules as a 
demonstration uiithin the scenario whenever possible. 

Rcquif>ition 

Dut'ing the acquisition stage the learner develops a meaningful 
understanding of a principle or knowledge of the steps in a 
procedure. The acquisition function may be achieved by means of an 
expository or a discovery approach and may require either 
exploration or observation by the learner. In an expository 
approach the generality is presented; in a discovery approach the 
learner is required to "figure-out" the generality. The preferred 
approach o.id form of learner participation depends on the nature of 
the content and criterion behavior and ij discussed later under 
"Uariat ions." 

• If an expository approach is used, provide the generality 
along with a prototypical example for the learner to explore 
or observe (see "Uar iat ions") . The order of the generality 
and example may be varied to create either an inductive or 
deductive expository approach (see "Uariations" below). 
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• For Q discoueny approach, require the learner to "figure- 
out" the generality by exploring or obseruing a prototypical 
example. Prouide help in the fori of hints and pronpts to 
assist the learner with the discovery process. 

• Provide help to direct attention, relate the generality to 
the example, or facilitate encoding by pre3enting a second 
representation as needed during acquisition. Use »ore help 
and use it more frequently depending on the difficulty of 
the content in relation to learner ability and experience. 

flppi i cat ion 

During the application stage the learner develops the ability 
to use the principles or procedures that have been introduced in the 
acquisition stage. The primary element of the application stage is 
divergent practice composed of a stimulus, a learner response, help, 
and feedback. 

• Provide cases vihich have a variety of stimulus conditions 
that include the full range of divergence existing in the 
real world. 

• It may be necessary to create a mechanism for randomly 
producing cases that Include all possible varieties of 
stimulus conditions. 

• Use an easy-to-hard progressio; of difficulty for 
presentation of cases. 

• If different levels of difficulty are used, require the 
learner to reach criterion on one level before going on to 
the next level c 

• Use a representation form as close as possible to that of 
the real oorld situation unless souve form of simplification 
in terms of time span or complexity is helpful or required 
by cost considerations. 

• Provide pre-response help (prompts and hints) vhen the 
difficulty of the task makes it necessary to direct 
attention or relate the practice item to the generality. 
This form of help should fade as practice progesses. 

• Require a lea.'^ner response consistent »ith the terminal 
objectives (criterion behavior) for the content. 

fin essentia! component of proctice is the feedback which 
follons the learner response. The following prescriptions provide 
guidance for the design of effective feedback. 

• Use natural feedback to maximize the reality of the 
simulation. The underlying model (discussed earlier) should 
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produce the apropniate natural feedback for the reeponses 
given. 

• For slftulalJons that require greater frequency In the 
feedback schedule and/or greater inforiation than I3 
provided by natural feedback^ use artificial feedback. 

• Present artificial feedi)ack lith natural feedback at first 
and then gradually fade it as the learner masters the task. 

• Provide help as needec^ (depending on the difficulty of the 
content) at first, .hen gradually fade it. 

Rdse^sftent 

After completing the instru^* ional phases of the siaulation, a 
criterion test »ust be adminisxered to deteraine if the learner, 
has mastered ths content. 

• Present new cases as test items and include the full range 
of difficulty and divergence. These cases should be 
interchangeable vith practice cases. 

• Use a scor ing mechgnisni and establish c criterion score that 
ffiust be achieved for mastery. 

• Display the score as the learner progresses through the test 
unless such a running score interferes with the nature of 
the real-world task or provides prompting of some kind. 

• fl test may be done as part of the practice, provided the 
items are new, but a penalty should be registered for any 
help provided (both pre- and post-response help). 

• If criterion is not met, immediately follow the test with a 
thorough debriefing. It should provide artificial feedback 
for all mistakes fatade. 

Control 

The issue of centre? influences all components of a 
simulation. The prescriptions that follor allow the learner to 
exercise control over some aspects of the simulation ihile 
maintaining system control over others. To some extent user or 
system control will be determined by the instructional objectives, 
but in general the following prescriptions apply to all simulations. 

• System corlrol of the level of complexityj including a 
provision for the teacher to input the appropriate entry 
level for each learner. 

• System control of the learner's progress from one level to 
the next to ensure that mastery is achieved at each level 
before allowing the learner to go on to the next level. 
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• System control of routine features (general ity^ exanplej 
practice! feedback IteiDs) of the Initial presentation for a 
new principle or procedure. Then perilt the learner to 
choose to see additional cases in example fora or to go back 
to a generality or example at any tiae during a practice 
case. 

• System and learner control of help. Provide some help to 
all learners on early examples and practice, then fade. 
Permit the learner to select additional help on an optional 
basis. 

• System control should require the learner to see the 
introduction the first time the simulation is used. From 
then on access to the introduction should be optional and 
under learner control. 

• Provide the option for both ^^ystsm (including teacher input) 
and learner control of test criterion to provide maximum 
flexibility of use. Learner control may be implemented by 
allowing the learner to select a test of a particular 
difficulty level or to specify the number op percent of 
correct answers required. In some situations this becomes 
highly motivational in that the learner attempts to better 
his or her scorsj much like a game, each time he or she uses 
the simulation. In many cases the teacher may select the 
uifficulty and criterion level for mastery by setting 
specific variables made available in a learner management 
section. This is especially useful for individualization of 
learner assessment . 

Uar lotions on the General Hodel 

Uhile it appears tfiot all simulations should include the 
prescriptions described in the general model, the^^e are certainly 
many aspects of a simulation that should vary from one situation to 
another, depending on such conditions as the nature of the behavior 
to be learned, the form of the changes that occur, and the 
motivational requirements. The following prescriptions for 
variations on the general model describe vhen to use each type of 
simulation and what it should be like. 

Mature the behauior 

The nature of the behavior being simulated will determine the 
nature of the acquisition and application stages of the simulation, 
including the moo'e (expository/discovery) and form of manipulation 
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(observation on exploration). Hence, type of behavior is the single 
•ost important basis for prescribing variations in a siBulation. 

There are three aajor variations of the general lodel bosed on 
the three types of content: procedures, process principles, and 
causal principle?. Figure 2 presents prescriptions to guide the 
design of the acquisition and application stages for each. 

Insert Figure 2 about here 

Rs previously discussed, the generality can be presented using 
an expository or a discovery approach, both of which require the 
presentation of a prototypical exaaple. The learner Bay be required 
to observe only, or to »anipulate the exaaple and then to observe 
the result. Acquisition may, therefore, be accomplished by a 
discoMery or expository approach, either of »hich way present the 
prototypical example by observation or exploration. For the 
acquisition stage of procedural siiulations: 

• Use an expository approach because it is not feasible or 
useful for the learner to "figure out* the generality. 
This is best done by presenting the generality 
simultaneously with a prototypical exaiDple of the procedure. 

• Require the learner to observe the exa»ple. 
For acquisition of process principles: 

• Use an expository approach because, as with procedures, it 

is neither efficient nor effective for the learner to engage 
in a trial-and-error *^earch to discover the generality. 
This is usually best dene by presenting the generality 
simultaneously with a prototypical exanple of the process. 

• Require the learner to explore the example, if possible. 
Exploration requires that the learner turn the process on 
and off in the example and then observe the results. 

Causal principles are quite different in nature from procedures and 
processes because not only must the principle be learned, but the 
routine needed to apply it »ust be learned as «iell. For acquisition 
of causal principles: 

• Use a discovery opproach. The change relet ionships should 
be clearly presented in a prototypical example, and with 
help, the learner can be lead to "figure out" the principle, 
resulting in enhanced understanding. 

• Require exploration of the example by the learner. 

Rfter the learner has acquired the generality, the simulation 
should proceed with the application stage to teach the learner to 
apply the generality in any situation that might be encountered at 
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the criterion leuel of perforiance. For application of all three 
types of content : 

• If the task is fairly difficult to taster, precede the 
practice (a coaponcnt of the general lodel) with divergent 
examples of the procedure, process or causal principle, 

• Use performance practice to provide the breadth of 
experience needed to achieve accuracy in applying the 
generality to divergent cases, 

• The number of example and practice cases should depend on 
the difficulty of the task. 

Procedures differ from principles in that automatization is usually 
necessary to ensure sufficient speed of performance and to reduce 
conscious cognitive processing requirements during performance. 
Therefore, in addition to the prescriptions above, 

• Provide drill practice to a speed criterion after the 
accuracy criterion has been reached on performance practice. 

For cQUsol principles; application must leach the routine for 
utilizing the principle, as uiell as the application of the principle 
by utilizing the routine. Therefore, 

• Require the learner lo observe demonstrations of the routine 
as it is utilised to apply the principle, 

• Use help to clarify and emphasize the steps in the routine. 

• Then provide divergent examples and performance practice 
using the routine to apply the causal principle. 

To design the example and practice cases, it is important to 
analyze the kinds of cognitive behaviors that are learned for each 
type of content. For a procedure the learner is expected to 
execute a sequence of steps and/or decisions to achieve a particular 
goal. For a process principle the learner is expected only to 
describe a sequence of naturally occuring events. For a causal 
principle, howevsr, we have identified three different types of 
behaviors: prediction, explanation, and solution. 

In terms of causes and effects, the prediction behavior is 
expected when the objective requires the learner to predict the 
likely effect(s), given a set of causes, fl simulation that presents 
a variety of lens shapes and asks the learner to predict the effect 
of each on light rays requires prediction behavior. Explanation 
behavior is expected when the objective asks the learner to identify 
the likely cause(s), given an effect, Rn explanation simulation 
might require the learner to identify the causes of pollution in a 
lake, the physical traits of parents of a particular fruit fly or 
the reason for an increase in air pressure under :ipecified 
conditions, Solution behavior is expected when the objective 



requires the learner to select and iapleient the necessary causes to 
bring about a desired effect (l.e.^ to engage in problea soiulng). 
"Leionade" is a solution siiulation that requires the learner to 
maxlaize his or her profits using knowledge of the lai of supply and 
denand. 

Hence, there are five types of behaviors: execution, 
description, prediction, explanation, and solution. Figure 3 
prescribes the nature of the stimulus and response for the practice 
CQ5es for each of the five types of behaviors. Often, the learning 
objectives for content coaposed of causal principles do not require 
a specific form of response but rather the general ability to use 
the principle in any foria. If this Is the case, use a variety of 
prediction, explanation, and solution simulations to provide the 
learner »ith greater divergence of behaviors. For cotnplex content 
require prediction and explanation behavior for individual 
principles first, then solution behavior for integrated practice of 
a r 4jber of related principles. 



Insert Figure 3 about here 



Coaplexity of the Content 

Before the actual design process begins, the cojiplexlty of the 
desired content and/or behavior nust be analyzed to determine if It 
can be presented as an integral whole or if it nust be broken down 
or simplified. This will determine the kind of macrolevel 
sequencing for the domain-specific content. 

• If the content is relatively simple and involves Q limited 
number of constructs (principles and procedures), teach it 
as an integral whole (Gropper, 1983; Landa, 1983). 

• if the content is difficult, simplify it using an 
elaboration approach (Reigeluth & Stein, 1983). 

If the content is procedural, the elaboration theory 
describes a methodology for simplifying the procedure until it is 
simple enough to learn as an integral whole (Reigeluth & Rodgers, 
1980; Reigeluth & Rawson, in press). Then that "epitome" is 
gradually elaborated upon, one level at a time, until the complete 
procedure (as called for by the objectives) is mastered. RIthough 
the basics of that methodology also apply to solution to^ks, some 
extensions of that methodology are useful. Space limitations make 
it impractical to include these prescriptions in this paper. 

If the content is primarily principles, the elaboration theory 
describes a methodology for simplifing the task by requiring use of 
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only the one on t«io nost inpontant and iost broadly applicable 
principles for »aking the predictioHj explanationj or solution 
(Reigeluth, 1987), Once that principle (or imo) has been taught in 
an "epitoffie" siffiulotion, acre detailed and precise principles are 
then taught as •'elaborations" until the coaplete dona in of 
principles (as called for by the objectives) is mastered. Such 
simple-to-coffiplex sequencing »ithin a siiulation is extre»ely 
iiportant to the instructional quality of the simulation. 

Learner Participation 

The type of learner participation also varies depending on the 
nature of the content or behavior being siiiulated, Ue have 
therefore characterized the type of learner participation required 
for each of the three types of content described above: procedure j 
process principle, and causal principle. The learner role in the 
acquisition stage is different from that in the application stage, 
RIessi and TroMip (1985) have identified three types of learner 
behavior: obseruing; playing a role^ and controlling. 

Figure 1 suMiarizes the prescribed learner role for each tyoe 
of content during the acquisition and application stages, 

• For procedures require the learner to obserue the simulated 
performance of the procedure and then to perforn the 
procedure by playing o roie during the application stage. 

• For process principles require 'he learner to observe the 
naturally occuring events during acquisition and then to 
describe the sequence of events by control ing the 
sliDulalion (for exaaiple^ placing the events in the 
appropriate sequence) dur ing appi icat ion^/ ^t For causal 

• principles require the learner to manipulale (control) 
examples, observe causes or effects, and "figure out" the 
principle during acquisition, Then, for application, 
require the learner to play a roie in nhich the principle 
is applied. For example, if the principle is the law of 
supply and deoiand, the role nay be that of an econonist 
predicting effects of changes in price or a businessfnan 
trying to maximize his or her profits, 

Inser^t Figure 4 about here 

In the case of procedures and causal principles the learner 
can practice in conditions si»ilar to those of real life. He or she 
can actually perform the procedure or apply the principle under 
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nealidtic conditions. Siiuiations are often the only ieans of 
Instruction that can aake this type of practice possible. 

Fori of Changes 

RIessi and Troll ip (1985) haue categorized slnulatlons on the 
basis of the physical or non-physical fori of the changes being 
taught. R procedure Is physical when physical loueient is to be 
learned; as in o flight simulation. R principle is physical when 
physical changes are to be obserued by the learner^ as is the case 
in a simulation of uolcanic action. Rll other proceduree^^ and 
principles are non-physical. The physical or non-physical nature of 
the behavior being simulated is the major factor In determining the 
representation form of choice. In general physical changes require 
greater realism of presentation than non-physical changes. The 
following prescriptions specify representation forms in order of 
preference for each simulation category. 

• Physical procedure: enact iue (3-d 1 mens ional simulation)^ 
iconic (uldeo or graphics) 

• Physical principles: iconic (for enhanced transfer and 
mot iuat ional appeal) 

• Non-physical procedures: iconic (if possible), symbolic 

• Non-physical principles: iconic (if possible), visual 
symbolic (diagrams, graphic art, graphs), verbal symbolic 
(text, numerals) 

Hot ivat ionai Requirements 

If the anticipated attitude of the learners toufords the task 
requires f.ighly motivational instruction, a game-type simulation 
should be us^ed. Some literature exists prescribing components of 
simulation games (Priestley, 1984; Carson, 1987). The specific 
prescriptions that follow provide a brief summary. 

• Establish rapport betmeen player and computer at the 
outset by providing the computer iith a name, by using the 
player's name in computer responses and by using the first 
person in computer responses to the player. 

• Present the rules of the game usually in the form of text 
accompanied by an example. 

• Use a non-zero based scoring systei. Ha into in records 
of scores, timed responses, number of attempts (correct and 
incorrect), levels of difficulty attempted. 

• Create a coapetitiue situation in vhich the player iins 
by beating the computer, another player, or his or her own 
score. 
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• Prouide ploy^r control oven so»e aspects of the 
simulation; suoh as: nuaber of playerS; entry level of 
diffirjity, choice of opponent (iay Include conputen on 
another player), response tiae, length of play. 

Conc^usi^n 

He have provided some prescriptions for the design of 
coinpuier-based simulations in the form of a general model and 
variations on the general model based on the nature of the task and 
learner. These prescriptions ore just the first step in an attempt 
to construct a validated prescriptive theory for the design of 
coffiputer-based simulations. Considerable research and extensive 
field tests are needed to provide the information necessary for both 
confirmation and revision of the various aspects of the theory. It 
is our hope that this theory will provide a useful framework for 
conceptualizing future research studies and that revisions and 
enhancements of the theory mill be proposed from such research, 
neanwhile, although caution should be exercised regar. <ig the 
validity and optimality of the theory, it is our hope that it mill 
serve as a useful guide to designers of computer-based simulations 
and that its usefulness wiM grow as the cycle of research and 
revision cont inues. 
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Ho participation Participation 



Ocquisi t ion 


by expos i tony approach: 
General ity oith a 
Prototypical Exonple 


by discouery approach: 
Prototypical Example 
to Figure Out the 
General ity 




« 

without criterion 


by criterion perfori^ance: 


RppI icat ion 


performance: 


Practice with F&cdback 




Examples 




Example 


without nanipulat ion: 
Obseruat ior 


by nan ipu lot ion: 
Explorat ion 



Figure 1. Feature-function map. 
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UnRIRTIONS ON THE GENERRL HODEL 





Rcquisit Ion 


RppI icat ion 


Procedure 


Expository by observation: 
General ily + 
Prototypical Example 


Divergent Examples 
Performance Practice 

(accuracy) + 
Dr i 1 1 Pract ice (speed) 


Process 
Principle 


Expository: 
General ity ♦ 
Prototypical Example 


Divergent Examples + 
Performance Practice 
(accuracy) 


Causal 
Principle 


Discovery (of principle) 

by explorat ion: 
Prototypical Example of 

the principle 


Divergent Examples of 

the principle + 
Discovery (of routine) 

by ohservat ion (via 

Divergent Examples of 

the rout ine) + 
Divergent Performance 

Practice (accuracy) 



Figure 2. Uar iat ions: Features for functions for each type of content. 
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Type of Siiuiotion 


Nature of 


Pr act Ice 


Behavior 


Exoaple 


Response 


St iauius 


Execut ion 

(Procedure) 


Add fract ions cr 
Select ioth 
operat ion 


Use a sequence of 
steps and decisions 


GoqI^ inputs 


Descript ion 

(Processes) 


Plant Life Cycle 


Describe a sequence 
of effects 


Situal ion 


Predict ion* 


Predict effect 
of increased 
price 


Predict the likely 
effects 


Causes 


Expianot ion* 


Ident i fy cause of 
increased demand 


Ident i fy the 1 ikely 
causes 


Actual effects 


Solution* 


flcximize profits 


Select and iftplement 
the necessary causes 


Desired effect 
ic inputs 



♦Cause-effect Principles 

Figure 3. Prescriptions for the nature of the stimulus and response for 
proctlce cases in five types of simulations. 
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SinULflTIOH 


nCQUISITION 


RPPLICRTIOH 


Procedure 


Obserue a role 


Ploy a i'^ole 


Process Principle 


Obserue 


Control 


Causal Principle 


Control and Obserue 
(for explorat Ion) 


Obserue (rout ine) 
Flay a role 
(pract ice) 


Figure 4. Uar iat ions: 


Role of the Learner 
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